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F a m i l y h i s t o r y
H o n o r B r i d g e t F e l l was b o rn on 22 M ay 1900, th e n in th and last ch ild o f C olonel W illiam E dw in Fell and A lice Fell P ickersgill-C unliffe). She had six sisters and tw o b ro th e rs; one b ro th e r, th e y o u n g er of th e tw o, being a D o w n 's sy n d ro m e child w ho died aged eight.
She was th erefo re very m u ch th e ' baby ' of th e fam ily, th e o th e r b ro th e r b ein g eight years o lder th a n her. She was b o rn at F o w th o rp e n ear Filey in Y orkshire. T h e fam ily had m oved th e re fro m Sussex w here th ey ow ned a farm , S p rin g h ead , near Steyning. H e r fath er was a m in o r lan d o w n er b u t can n o t be said to have been a successful farm er. It was his m isfo rtu n e th a t he was farm ing d u rin g th e w orst of the agricu ltu ral depression. H is m ain in terests w ere th e arm y and horses, b o th of w hich he m anaged to com bine. D u rin g th e B oer W ar he sp en t m u ch of his tim e in th e U n ite d States p ro c u rin g horses for disp atch to the B ritish A rm y in S o u th A frica. H e was keenly in te re sted in n a tu re and anim als, and h er fam ily th in k H o n o r in h e rite d h e r deep atta ch m e n t to biology from him . H e r m o th e r was a very different type of person. She was extrem ely practical, a very capable c arp en te r and no m ean architect. She designed th e house at F o w th o rp e and supervised its co n stru ctio n . She was in every sense th e m a triarch o f th e fam ily and carried the b u rd e n o f brin g in g up a large fam ily in circu m stances th a t could never have been very easy. She lived to a ripe old age dying in 1951. T h e fam ilies of Fells and P ickersgill-C unliffe w ere large and w idespread. T h e re was a fam ily jo u rn a l p rin te d and p u b lish ed q u a rte rly for th e sum of 7 shillings p e r ann u m . H o n o r is m en tio n ed on several occasions, notably in th e re p o rt of h er sister B arb ara's w edding w here, as a schoolgirl of 13, she appeared carrying h er p et ferret, Janie, to th e con stern atio n of the rest of th e fam ily. In m any ways they w ere a gifted and rem arkable fam ily-all had great artistic ability, the b ro th e r 237 was a gifted engineer, they all lived into th e ir 80s, and one m anaged to pass 90. A p parently H o n o r had little contact w ith h e r fam ily u n til th e 1960s w hen a nephew , H en ry Fell, and his wife asked h er to stay w ith th e m and H e n ry 's fath er w ho in his old age m ade his hom e w ith th em . T h e visit was a great success and after th a t she always sp en t E aster w ith th e m and som etim es C hristm as.
E d u c a t i o n
H o n o r's early education was at W ychw ood School, O xford. It was considered rath er advanced in those days because it em phasized th e im p ortance of science, especially biology, as well as classics, h isto ry and literature. School records refer constantly, as ap p aren tly d id th e fam ily jo u rn a l, to H o n o r's ferrets, w hich p o p u lated th e garden. In 1916 she w ent to M adras College, St A ndrew s, and th e n to E d in b u rg h U n iv ersity to read Zoology in 1918. She was aw arded a B . Sc. in 1923 Sc. in , a P h .D . in 1924 Sc. in and a D .S c. in 1932 W hile she was in E d in b u rg h h er chief, D r F . A. E. C rew , h eard of th e w ork th a t was being done in C am bridge by D r T . S. P. Strangew ays in his research hospital, by using the com paratively new art of tissue cu ltu re, w hich enabled him to study the behaviou r of living cells on a w arm stage. C rew sent H o n o r B ridget dow n to Strangew ays for a few m o n th s to learn this technique and th e n to re tu rn to E d in b u rg h and p u t it into practice. She has recorded h er excitem ent at seeing, for the first tim e, a living cell un d ergoing m itotic division in tissue cu ltu re on this visit. Before she left C am bridge, Strangew ays told his visitor to let him know if th ere was no fu tu re for h er in E d in b u rg h and he w ould ob tain a g ran t for h e r to w ork w ith him . T h e re was after all no opening for h er in E d in b u rg h and in 1923 she re tu rn e d to C am bridge as scientific assistant to D r Strangew ays w ith a g rant from the M edical R esearch C ouncil.
C a r e e r H o n o r rem ained in C am bridge for the rest of h er w orking life holding the following aw ards:
Ju n io r Beit Fellow 1924; 4 th -y ear Beit Fellow 1927; Senior Beit Fellow 1928; M essel R esearch Fellow Royal Society 1931-43 ; F o u lerto n R esearch Fellow Royal Society 1943-67. T h e title of Royal Society R esearch Professor was conferred in 1963 . She was D irecto r of the Strangew ays R esearch L ab o rato ry from 1929 un til 1970 . O n her retirem en t she becam e a R esearch W o rk er in the D ivision of Im m unology, D e p artm en t of Pathology, U n iv ersity of C am bridge, 1970-79 and then re tu rn e d , as a research w orker, to the Strangew ays L aboratory 1979-86. H e r w a y o f l i f e T h r o u g h o u t h e r w o rk in g life H o n o r lived alone, first in lo d g in g s a n d th e n in h e r o w n h o u se n e a r th e L a b o ra to ry , looked a fte r fo r som e years b y h e r o ld n a n n y a n d th e n b y a succession o f d e v o ted daily ladies. S h e d id h e r ow n d o m e stic sh o p p in g b efo re w alk in g to th e S tran g e w a y s w ith a c o rn e d b e e f san d w ic h an d a b a n a n a fo r h e r lu n c h . S he e n te rta in e d very little, b u t loved to take p icn ics w ith h e r frie n d s in to th e F e n la n d c o u n try sid e . I t can b e said o f h e r th a t th e w o rld w as full o f frien d s, she h a d n o en em ies. S he lists 'T r a v e l' as h e r re c re a tio n in W ho's Who b u t h e r tra v e l, th o u g h ex ten siv e, ta k in g h e r all o v er th e w o rld , w as alw ays fo r a p u rp o se , to a tte n d a co n feren ce, to m e et a n d w o rk fo r a few w eeks w ith fellow scie n tists, to d eliv er an im p o rta n t le c tu re o r receive a d istin g u ish e d p rize. S he p re fe rre d to be in h e r ow n la b o ra to ry at h o m e. T h e last e x p e rim e n t re c o rd e d in h e r n o te b o o k on 10 M a rc h 1986 is on th e effect o f co lch icin e an d p la sm in o g en on collagen b re a k d o w n . H e r b ib lio g ra p h y is long. H e r w it an d h e r w isd o m m u s t be looked fo r in stra n g e places (114)*. S he w as e n c h a n te d w ith th e idea o f talk in g a b o u t ' F a s h io n ' at a scientific P aris co n feren ce (70, 71).
H o n o r F e ll's first p a p e r fro m th e S tran g ew ay s a p p ea re d in 1925 (5). F o r th e n e x t 61 years, w ith o rg an c u ltu re te c h n iq u e s, she stu d ie d th e cellu lar in te ra c tio n s o f cartilage an d bo n e. T h r e e an d a h a lf w eeks b efo re she d ied , still w o rk in g at th e b e n ch , she called o u t ' I t 's w o rk ed , is n 't it ex citin g , com e a n d see th e r e s u lts '. A ny d iscu ssio n o f H o n o r F e ll's life an d w ork m u s t fall in to tw o p a rts, firstly an a cc o u n t o f h e r in d iv id u a l c o n trib u tio n to biology a n d secondly h e r cre atio n o f a u n iq u e o rg an izatio n , th e S tran g ew ay s R esearch L a b o ra to ry . T h e S tran g ew ay s w as an d is u n iq u e because it is in d e p e n d e n t an d u n a tta c h e d to a u n iv e rsity o r any k now n o rg an izatio n .
T h e b i o l o g i s t
H o n o r F ell left an u n p u b lis h e d p a p e r h ead ed 'E v alu atio n o f re s e a rc h ', w ritte n in a b o u t 1982, in w hich she says:
probably my main contribution to science has been the development and application to biomedical research of the organ culture techniqueOrdinary cell cultures consist of a population of histologically undifferen tiated actively dividing cells, which valuable though they are for many purposes are obviously unsuitable for the study of differentiated tissue. An organ culture method however enables many differentiated tissues to be maintained for up to 2-3 weeks in the closely controlled conditions of an in vitro system and isolated from the general systemic influences of the body. Experience has shown that such explants continue to function and usually * N um bers given in this form refer to entries in the bibliography at the end of the text.
respond to the direct action of such agents as vitam ins, horm ones and drugs in qualitatively the same way as their prototype in the body.
T h r o u g h o u t h e r w o rk in g life she u se d th e te c h n iq u e o f o rg a n c u ltu re to an alyse th e co m p le x actio n o f su c h a g e n ts u p o n th e cells o f b o n e , c artilag e a n d asso ciated tissu e s. F o r th is p u rp o s e sh e c o lla b o ra te d w ith co lleagues fro m m a n y d iffe re n t d iscip lin es, e x p e rim e n ta lly m in d e d clin ician s, ra d io b io lo g ists, im m u n o lo g ists, e le c tro n m ic ro sc o p ists a n d p a rtic u la rly b io c h e m ists.
H o n o r 's first im p o rta n t p a p e r fro m th e S tra n g e w a y s, in 1925 (6), w as a stu d y , illu s tra te d b y h e r ow n eleg a n t d ra w in g s, o f th e h isto g e n e sis o f b o n e a n d cartilag e in th e lo n g b o n e o f th e e m b ry o n ic fow l, p la n n e d to serve as a c o n tro l fo r e x p e rim e n ta l stu d ie s she w as m a k in g w ith S tra n g e w ays o n d iffe re n tia tio n o c c u rrin g in c u ltu re . S h e says in h e r in tr o d u c tio n this investigation was originally designed as a short prelim inary study to some proposed experim ental work. T h e results obtained however seemed of sufficient interest to w arrant a m ore extensive treatm ent of the subject and it was accordingly decided to undertake a more or less complete survey of histogenesis of cartilage and bone in the limbs of the em bryonic fowl from the fifty second hour of incubation, i.e. from the form ation of the undifferentiated limb buds to the first day after hatching.
T h e c u ltu re m e d iu m u se d w as m a d e in th e la b o ra to ry , c o n ta in in g p lasm a, e m b ry o n ic e x tra c t a n d a special salt so lu tio n . A s she says 'th e e m b ry o n ic e x tra c t p ro b a b ly c o n trib u te d th e n e ce ssa ry v ita m in s a n d h o rm o n e s re q u ire d fo r d iffe re n tia tio n a n d g ro w th to o c c u r ' (7). In a d ra ft le c tu re d a te d 1 A p ril 1986 on 'T h e h is to ry a n d d e v e lo p m e n t o f tissu e c u ltu r e '(141) she c o m m e n ts o n th e p ro b le m s in v o lv e d in fin d in g a su ita b le ch em ically d efin ed m e d iu m to rep lace th e p la sm a clo t o r e m b ry o e x tra c t u se d b y th e early p io n e e rs, a d d in g ' so w e u su ally c o m p ro m ise b y u sin g a ch em ically defin ed m e d iu m to w h ic h som e se ru m has b e e n a d d e d , th is u su ally gives q u ite satisfa c to ry re su lts '. A ll h e r p u b lis h e d p a p e rs give a d e ta ile d a cc o u n t o f th e e x p e rim e n ta l te c h n iq u e s u sed . T h e y are n o t fu r th e r d iscu ssed h ere.
In 1926 she a n d S tran g e w a y s w ere ab le to sh o w th a t c artilag e w o u ld n o t o nly g ro w b u t w o u ld d iffe re n tia te in c u ltu re (7). S u b s e q u e n tly th e iso lated eye ru d im e n t o f 3-d ay e m b ry o s w as also fo u n d to d iffe re n tia te fro m a sim p le ep ith e lial s tru c tu re to one c o n ta in in g a n o rm a l re tin a w ith ty p ical layers o f n e rv e cells an d ro d s a n d cones, p ig m e n t e p ith e liu m a n d lens fibres (8). C o n tin u in g h e r m o rp h o lo g ic a l stu d ie s o f th e e m b ry o n ic lim b b o n e cartilag e an d b o n e in c u ltu re H o n o r n o te d in 1928 th a t as d iffe re n tia tio n o f th e cartilag e ru d im e n t p ro c e e d e d in som e cases b o n e a p p e a re d to be d e p o site d a ro u n d th e d ia p h y se a l p o rtio n . E a rlie r R o b iso n at th e L is te r In s titu te h a d sh o w n th a t b o n e a n d o ssify in g c artilag e c o n tain a p h o sp h a ta se th a t is an active a g en t in ossification. I t affects th e h y d ro ly sis o f c e rta in p h o s p h a te esters p re s e n t in th e b lo o d a n d th e re b y raises th e c o n c e n tra tio n o f in o rg a n ic p h o s p h a te in th e tissu e fluid so th a t calciu m . T r a n s p o r t o f c u ltu re s w as also a rra n g e d to D r C a n ti at S t B a rth o lo m e w 's H o sp ita l a n d to h is o w n h o u se w h e re he k e p t his special h o m e -m a d e tim e -la p se c in e m a to g ra p h m a ch in e (21). T h e re s u lt in g film s sh o w e d th e m o v e m e n t o f cells in c u ltu re , in c lu d in g th e m o v e m e n t o f c h ro m o so m e s d u rin g m e ta p h a se . T h e y cau sed g re a t e x c ite m e n t w h e n first sh o w n at a co n fe ren c e in B u d a p e st in 1927 (F o x o n 1976). W ith carefu l c am e ra lu c id a d ra w in g s m a d e by H o n o r, th e se film s e n a b le d h e r to m ak e an analysis of th e d e v elo p in g avian k nee jo in t. T w o o p p o sin g ru d im e n ts , d ev elo p in g fro m a c o m m o n blo ck o f m e so d e rm , w ere sh o w n to se p a ra te a n d fo rm tw o m o v eab le in d e p e n d e n t u n its. T h e c h a ra c te ristic sh ap e o f th e knee jo in t w as th e re fo re in trin sic to th e lim b m osaic an d n o t d e p e n d e n t u p o n e x trin sic facto rs (21).
D u rin g th e y ears 1940-45 th e w o rk o f th e L a b o ra to ry w as largely c o n c e rn e d w ith w a rtim e q u e stio n s, b u t w ith th e e n d o f h o stilitie s th e p ro b le m s raised by starv in g E u ro p e becam e in c re asin g ly im p o rta n t. T h e n u tritio n a l im p o rta n c e o f v ita m in A a n d its m o d e o f actio n w as little u n d e rs to o d , th o u g h its c u ra tiv e actio n w as d ra m a tic . E d w a rd M e llan b y w as at th is tim e d eep ly in v o lv ed in e x p e rim e n ta l w o rk c o n c e rn in g th e m o d e o f a ctio n o f th e v ita m in , w hile as sec re ta ry o f th e M ed ical R esearch C o u n cil, w h ic h c o n trib u te d so m u c h to m a in te n a n c e o f th e L a b o ra to ry , he w as n a tu ra lly aw are o f th e w ork on o rg an c u ltu re c arrie d o u t at th e S tran g ew ay s. I t w as k n o w n th a t b o th deficiency a n d excess o f th e v ita m in cau sed severe changes in th e skeleton, th o u g h how th ese ch an g es w ere b ro u g h t a b o u t w as u n k n o w n . I t o c c u rre d to M ellan b y th a t b o n e c u ltu re te c h n iq u e s m ig h t be u sed to stu d y th e actio n o f v ita m in A on skeletal tissu e s a n d especially to d e te rm in e w h e th e r th e actio n w as a d ire c t one o r one m e d ia te d b y som e o th e r org an , p e rh a p s th e p a ra th y ro id g lan d . E x p e rim e n ts w ere th e re fo re u n d e rta k e n , w ith b o th chick em b ry o s and b o n es fro m foetal m ice, c u ltu re d in em b ry o e x tra ct, w h ich has a low v ita m in A c o n te n t. It w as at once a p p a re n t th a t ad d ed v ita m in A (retin o l) has a d ire c t action on b o th b o n e an d cartilag e m a trix w h en in c o n ce n t r a t i o n sim ilar to th a t in th e b lo o d o f h y p e rv ita m in o tic anim als. T h e ckrtilage m a trix w as g reatly affected, it sh ran k , so ften ed a n d lost its b aso p h ilia a n d m e tach ro m asia. T h e cells, how ever, re m a in ed u n affected. R em ark ab le changes w ere also n o te d in c u ltu re s o f e m b ry o n ic skin. T h e e p id e rm is u n d e rw e n t a co m p lete m etap lasia b eco m in g tra n sfo rm e d in to a m u co u s, so m etim es ciliated, m e m b ra n e . T h e ch an g e w as rev ersib le an d on rem oval o f th e v ita m in th e m u co u s cells w ere slo u g h ed an d th e e p id erm is k eratin ized . A t th is tim e S te p h e n P elc, a t th e E x p e rim e n ta l R a d io p a th o lo g y R esearch U n it, w as d e v elo p in g h is eleg a n t a u to ra d io g ra p h ic te c h n iq u e fo r th e stu d y o f cell m e ta b o lism a n d h e p ro p o s e d th a t th e ch an g es p ro d u c e d by v ita m in A in b o th skin a n d cartila g e m ig h t be c o rre la te d w ith an a lte re d s u lp h u r m e ta b o lism . A s a re s u lt o f e x p e rim e n ts p la n n e d to te s t th is h y p o th e sis it w as fu r th e r su g g este d th a t u n d e r th e in flu en ce o f v ita m in A th e cartilag e m ay p ro d u c e an e n zy m e th a t re su lts in th e fo rm a tio n o f so o f acid p ro teases fro m th e cell lysosom es. E x ten siv e e x p e rim e n ts c a rrie d o u t b y H o n o r in association w ith Jo h n D in g le a n d Jack L u c y in th e early 1960s co n firm ed th is h y p o th e sis, a n d greatly e x te n d e d k n o w led g e o f th e m o d e o f actio n o f th e v ita m in . O rg a n c u ltu re h a d com e, as H o n o r says 'w ith in th e ran g e o f bio ch em ical in v e stig atio n '. S h e h a d th e im a g in a tio n to see an d u n d e rs ta n d th e im p o rta n c e o f th e new in v estig ativ e tools available. C h an g es in th e c u ltu re m e d iu m w ere to be as im p o rta n t as ch an g es in th e o rg an s c u ltu re d (75, 76, 123) .
In 1963 H o n o r an d Jo h n D in g le w ere able to show th a t, in c u ltu re o f cartilag e lim b b o n e ru d im e n ts , v ita m in A g reatly in creased b o th th e to tal sy n th esis an d th e ex tra ce llu la r release of acid p ro te a se s (85, 86). T h e p ro teases released h a d th e c h arac te ristic s o f lysosom al en zy m es. F u r th e r , it w as show n th a t th e v ita m in alters th e p h y sico ch em ical p ro p e rtie s o f c e rta in biological m e m b ra n es. In th e p resen ce o f th e v ita m in th e lysosom es a p p ea re d s tru c tu ra lly in ta c t b u t th e y rap id ly released th e ir b o u n d e n zym es. Its p recise m o d e o f action is still n o t clear, a lth o u g h D in g le has su g g ested its p rim a ry action is to p e n e tra te th e lysosom al m e m b ra n e. C o rtiso l, b ecause it can stabilize lysosom al m e m b ra n es, so d im in ish es th e release o f lysosom al enzym es. T h e S trangew ay s g ro u p , in c lu d in g H o n o r an d Jack L u cy , fu rth e r d e m o n stra te d th a t v ita m in A is a versatile m e m b ra n e -a c tiv e su b stan ce. It p ro v e d to be a p o te n t h aem o ly tic agent, it cau sed sw elling of isolated m ito c h o n d ria an d w h en it w as a d d ed to cell c u ltu re s e lectro n m ic ro g ra p h s p ro v e d th a t every m e m b ra n e system in th e cell w as affected (105). F u r th e r evidence o f th e im p o rtan c e of lysosom al enzym es in in ju ry o f connective tissu e cells arose fro m a stu d y m ad e w ith G la u e rt an d D in g le of th e effect o f ad d in g sucrose an d o th e r sugars to th e c u ltu re m e d iu m (106, 107, 109). T h e sucrose in d u c ed a large ex tracellu lar release o f lysosom al enzym es leading to th e su g g estio n 'th a t any m aterial, be it n o n -m e ta b o liz ab le su g ar o r a specific p ro te in th a t is e ith e r n o t readily d ig estib le o r ingested in excessive a m o u n ts m ay d iso rg an ise th e cells' n o rm a l dig estio n and u n d e r som e circu m stan ces lead to increased sy n th esis and ex tracellu lar release of enzym es and c o n se q u e n t dam age to co n n ective tissue m a tr ix ' (109). H o n o r, d escrib in g th e e x p erim en tal resu lts, says 'W e are w o n d e rin g w h e th e r u n d e r c ertain pathological c o n d itio n s th e ingestion of large q u a n titie s o f n a tu ra lly o ccu rrin g su b stan ces, su ch as p ro te in s, m u copolysaccharides o r th e ir b reak d o w n p ro d u c ts can evoke th e sam e response by connective tissu e cells as sucrose d o e s '.
T h e ch arac te r of H o n o r's w ork ab o u t this tim e was influenced by th e fact th a t th e R h eu m atism C o m m ittee o f th e N uffield F o u n d a tio n d iscu ssed w ith h e r th e possibility of w orking on th e aetiology of rh e u m a to id a rth ritis (103). She h erself says 'M o d ern w ork on th e p ath o g enesis of rh e u m a to id a rth ritis suggests th a t im m unological reaction an d in p a rtic u la r autoallergy m ay be co n cern ed in its c a u s a tio n ' (94). C o llab orative studies w ere th erefo re b eg u n w ith P ro fesso r R. R. A. C o o m b s and his colleagues in th e U n iv e rsity D ivision of Im m u n o lo g y in th e D e p a rtm e n t of P athology (103). T h e ir ex p erim en ts show ed th a t co m p lem en t-su fficien t an tiseru m , i.e. an tib o d y and co m p lem en t acting to g e th e r, w ould p ro d u ce striking changes in ex p lan ted lim b bones o f foetal m ice and 7-13-d ay -o ld em b ry o n ic chicks (94). T h e ch o n d ro cy tes survived b u t th e m atrix alm ost d isappeared. T h e re was an increase, b o th in th e release and synthesis, of th e lysosom al acid proteases. In the absence of c o m p lem en t th ere was no effect. T h e criticism was m ade th a t this o b serv ation could n o t apply to a d u lt cartilage because m olecules larger th a n h aem oglobin (M r 68000) w ould n o t p en etrate th e m atrix , the im m u n o g lo b u lin s (Afr 140000) w ould th erefo re be excluded (136). H o n o r, th erefo re, in collaboration w ith M ichael B arratt (119, 120, 126) , in v estigated th e effect of a n tiseru m and co m p lem en t on cartilage in the m etacarpals of baco n -w eig h t young pigs (pigs are know n to develop a p o ly a rth ritis caused by in fectio n so th e re w as an a d d itio n al reason for th e ir choice). C o m p lem en t-su fficien t a n tise ru m in creased b o th th e release an d th e syn th esis o f lysosom al p ro teases an d acid p h o sp h ata se fro m th e cartilage o f th e y o ung pig as fro m th e lim b b o n es o f foetal m ice. T h e effect ap p eared th e sam e as th a t o f v itam in A b u t, as H o n o r p o in te d o u t in h e r H e b e rd e n O ra tio n w hen she discussed th e ' R ole o f biological m e m b ra n es in som e skeletal re a c tio n s ' (105), th e m ech an ism s involved are n o t th e sam e. V itam in A affects all th e m e m b ra n e system s o f th e cell w hereas co m p lem en t-su fficien t a n tise ru m acts only on th e cell m e m b ra n e.
T h e se e x p erim en ts w ith th e cartilage o f y o u n g pigs gave one o f th e earliest in d icatio n s of th e g reat im p o rtan c e of soft tissu es in th e b reak d o w n o f a rtic u la r cartilage. T h e first ex p erim en ts, w ith clean sam ples o f cartilage, w ere negative b u t w hen th e cartilage to be u sed as an ex p lan t w as c u t at a level to in clu d e som e su b c h o n d ra l b o n e an d m arro w , th e cartilage m a trix becam e ex trem ely d eg rad ed alth o u g h th e c h o n d ro c y tes w ere n o t killed. T h e b reak d o w n of p ro teo g ly can an d collagen in th e a rtic u la r cartilage, as in d icated by m etach ro m asia, w h en so exposed to soft tissu e, was th e n in v estigated. B oth proteo g ly can s an d h y d ro x y p ro lin e w ere released, th e proteo g ly can release b egan alm ost im m ed iately b u t th e re was a tim e lag of 6-8 days before a su b sta n tia l a m o u n t o f h y d ro x y p ro lin e ap p eared in th e m e d iu m . T h e se o b serv atio n s led to th e su g g es tio n th a t th e invad in g soft tissue secreted enzym es in c lu d in g collagenase and th a t ' a sim ilar enzym atic m ech an ism o p erates in rh e u m a to id a rth ritis d u rin g th e rep lacem en t o f th e cartilage by in g ro w in g p a n n u s th o u g h h ere th e process is no d o u b t com p licated by presen ce o f in flam m ato ry cells and th e ir c o n ten t of n e u tra l p ro te in a se s' (122). T h e ex trem ely im p o rta n t p a rt played by soft tissues was fu rth e r em phasized by th e classical e x p erim en ts w ith R onald J u b b , p u b lish e d in 1977 an d 1980 (128, 130, 133, 134) , on th e effect of synovial tissue on the b reak d o w n o f a rtic u la r cartilage. H o n o r n o te d 'a co nspicuous featu re of rh e u m a to id an d som e o th e r ty p es of a rth ritis is th e h y p e rtro p h y of th e synovial m e m b ra n e w hich becom es heavily in filtrated w ith lym phocytes and plasm a cells; th is is co rrelated w ith th e break d o w n of the a rtic u la r cartilage an d its g rad u al rep lacem en t by th e synovial tissu e s' (133).
H o n o r and R onald J u b b cultiv ated living pig cartilage in co n tact w ith synovium . T h e cartilage lost b o th p roteog ly can an d collagen, som etim es beco m ing red u ced to a m ass o f fibroblast like ch o n d ro cy tes w ith o u t m atrix w hereas dead cartilage lost proteog ly can b u t less collagen. S im ilar changes ap p eared in living cartilage gro w n at a d istan ce fro m th e synovium b u t in th e sam e dish. T h is in d icated th a t synovial tissue in organ c u ltu re m ay cause a breakdow n of cartilage in tw o w ays, by a d ire c t enzym ic action on th e m atrix , of e ith e r living o r dead cartilage, for w hich contact betw een th e tissues is necessary, and secondly by in d irec t action th ro u g h the living chondrocytes, for w hich co n tact was u n n ecessary and w hich had no effect on th e dead cartilage. H o n o r at once ap p reciated th a t th e synovial tissue could be releasing a m essen g er th a t acted on th e In 1982, follow ing a series o f e x p e rim e n ts p la n n e d to s tu d y th e effect o f c o rtiso n e o n p o rc in e a rtic u la r cartila g e, she c o n c lu d e d th a t c o rtiso n e c o n sid e ra b ly in h ib ite d th e severe b re a k d o w n o f m a trix th a t o c cu rs in living a n d d e ad c artilag e e x p la n te d in c o n ta c t w ith sy n o v ial tissu e . T h is in h ib itio n o c c u rre d w h e n th e m a trix w as in th e sam e d ish b u t n o t in c o n ta c t w ith th e synovia. I f c artilag e w as g ro w n in th e u se d m e d iu m o f synovial tissu e lo sing b o th p ro te o g ly c a n a n d 
d ia te d m a in ly th ro u g h th e synovial cells as a d o s e -d e p e n d e n t in h ib itio n o f th e p ro d u c tio n o f b o th c ata b o lin a n d d e g ra d a tiv e en zy m es, ra th e r th a n th ro u g h th e c h o n d ro c y te s.
In th e ir m o st re c e n t p u b lis h e d analysis (140) T h e y also su g g est th a t synovial cells m ay p ro d u c e p la sm in o g en activ ato r, w h ic h th e n activates p la sm in o g e n p re s e n t in th e c u ltu re m e d iu m ; th is in tu r n activates th e la te n t co llag en ase a n d so in itia te s collagen b re a k d o w n . T h e re is also ev id en ce fro m e lec tro n m icro sco p e stu d ie s th a t synovial a n d in flam m a to ry cells m ay p lay th e ir p a rt in collagen b re a k d o w n b y b o th in g e stio n an d d ig e stio n o f co llag en fra g m e n ts (140).
T h is p a p e r is c h a ra c te ristic o f H o n o r's a p p ro a c h to biological p ro b le m s. S he w as alw ays aw are o f significant w o rk b e in g c a rrie d on in fields o f e n q u iry o th e r th a n h e r ow n an d an xious to find c o lla b o rato rs w ho co u ld h elp h e r to a p p ly th e new kno w led g e to th e so lu tio n o f h e r o w n q u e stio n s, u sin g h e r ow n w ell trie d te c h n iq u e s.
T h e re are m a n y sp in offs fro m th e w o rk on th e effects o f soft tissu e, i.e. sy n o v iu m , on cartilage, w h ich w ill alw ays be asso ciated w ith H o n o r an d in w h ich she w as p a rtic u la rly in te re ste d , n o ta b ly R e y n o ld s's w o rk on th e m eta llo p ro te ase s an d th e ir in h ib ito rs 'T I M P ', stu d ie s at th e u ltras tru c tu ra l level, o f collagen b re a k d o w n an d on th e p ro te o g ly c an s an d th e ir in te ra c tio n w ith collagen. S h e w ill, h erself, be re m e m b e re d for th e w ork th a t first gave an in sig h t in to som e o f th e p a th o lo g ical p ro cesses in v o lv ed in th e a rth ritic a n d rh e u m a tic d iso rd e rs th a t afflict m o d e rn society. S h e e n d e d th e H e b e rd e n O ra tio n in 1968 (105):
My talk today, on the role of biological membranes in skeletal reactions, rather reminds me of the map of Greenland in the atlas of my childhood. I remember that just within the coast line of Greenland there was a narrow coloured border indicating the territory that had been explored; inside this border there was also a featureless white blank about which nothing whatever was known. I often used to wonder what there was in the blank area! P e rh a p s th a t is w hy she co u ld say ' F ew peo p le can have en jo y ed th e ir w o rk in g life m o re th a n I have an d at 80 I am still h av in g fu n in q u ite a big w a y .' H e r colleagues at th e S tran g ew ay s p lan to c arry on w ith som e o f h e r last ex p lo ra to ry e x p e rim e n ts in th e know ledge th a t h e r guesses as to w h a t w as in th e 'b la n k a re a ' w ere u sually accu rate.
S t r a n g e w a y s R e s e a r c h L a b o r a t o r y T h e clinical w ork was th erefo re tra n sfe rre d to S t B arth o lo m ew 's H o sp ital, and D r S trangew ays devoted h im self to lab o rato ry in v estig a tio n . H e h o p ed th a t ex p erim en ts w ith tissue c u ltu re te ch n iq u es m ig h t be a useful a p p ro ach to his p ro b lem . T h is te ch n iq u e he h ad learn t fro m a y o u n g m an, tra in e d in C a rre l's lab o rato ry in N ew Y ork, w ho he h ap p en ed to m eet in C am b rid g e. H e started to use th e tech n iq u e h im self stu d y in g living cells m a in ta in ed on th e w arm stage of th e m icroscope. O th ers becam e in te re sted in th is new tech n iq u e and jo in e d th e lab o rato ry , n o tab ly F. G . S pear, a m e m b e r of th e ex tern al staff o f th e M edical R esearch C o u n cil w ho w as an xious to in v estig ate th e effects o f ra d ia tio n on living cells, a b o u t w h ich little w as k n o w n at th a t tim e.
The creation and administration o f the Strangeways Research Laboratory
In 1926 S tran g ew ay s d ied su d d e n ly , leaving a re p u ta b le la b o ra to ry b u t one in heavy d e b t. T h e re w as a d e b t of several h u n d re d p o u n d s a n d th e incom e c o n siste d o f an a n n u al g ra n t o f £ 5 0 0 fro m th e M ed ical R esearch C o u n cil an d £ 1 5 0 fro m in v e stm en ts. In a d d itio n th e re w as a cap ital su m o f £ 6 0 0 o b ta in e d th e p re v io u s y e ar fro m special d o n a tio n s (136). T h e c u rre n t tru ste e s w ere u n d e c id e d as to w h e th e r to close th e la b o ra to ry o r let it c arry on. B oth H o n o r F ell a n d D r F . G . S p e a r fo u g h t h a rd to re ta in th e la b o ra to ry on th e g ro u n d s th a t it w as th e o nly in s titu tio n in th e c o u n try en tire ly d ev o ted to th e stu d y o f cell bio lo g y (139). A s H o n o r h e rse lf has w ritte n ' I t seem ed to us so silly to close th e la b o ra to ry w h en w e w ere p erfectly capable of ru n n in g i t '; su ch is th e self-co n fid en ce of y o u th . F u r th e r financial h elp cam e fro m th e M ed ical R esearch C o u n cil a n d fro m o th e r sources su ch as th e R ockefeller F o u n d a tio n th a t reco g n ized th e im p o rtan c e o f th e w ork b eing done. A n ex ten sio n w as b u ilt in 1929. A re tire d ra d io th e ra p ist offered H o n o r his X -ra y set p ro v id e d she h o u sed it p ro p e rly . A b u ild in g was desig n ed in su ch a w ay th a t it c o u ld be c o n v erted in to a garage if ever th e la b o ra to ry h ad to be sold as a p riv a te residence. In 1933 H o n o r w as able to re p o rt to th e tru ste e s ' D u rin g th e last 12 m o n th s 13 w orkers h ad b een able to give th e ir full tim e to research at a cost exclu d in g salaries (w hich w ere p aid by v ario u s o u tsid e bodies) b u t in c lu d in g p ay m en ts to a ssistan t staff o f £ 1 9 4 0 14s. Id . M o re o v er we h ad a balance o f £ 7 0 on th e y e a r's b u d g e t. A ll th e sam e even in 1933 £ 2 0 0 0 was a very sm all incom e ' (136). In 1938 th e R ockefeller F o u n d a tio n p ro v id e d a new w ing, th e an n u al incom e h ad risen to £ 1 0 0 0 0 , an d th e balance sheet show ed an excess o f incom e o ver e x p e n d itu re o f £ 3 2 5 . As th e years have gone on gifts an d g ra n ts have c o n tin u e d to su p p o rt th e lab o rato ry . T h e s u p p o rt o f th e M edical R esearch C o u n cil has b een un failing. T h o u g h little is said in th e A n n u al R ep o rts a b o u t th e a d d itio n al a d m in is tra tio n in v olved in o b ta in in g th e g ra n ts, th e gifts, th e new b u ild in g s, th e expensive e q u ip m e n t n eed e d as te c h n iq u e s evolved, th e stead y b u ild u p of an in te rn a tio n a lly fam o u s research la b o ra to ry m u s t be reco g n ized as p a rt o f H o n o r F e ll's ach iev em en t.
W h e n she re tire d as D ire c to r in 1970 th e la b o ra to ry staff w ere 121 in all, in c lu d in g 62 scien tists a n d 29 tech n ical assistan ts (D in g le 1980) . L o o k in g th ro u g h th e nam es of th e m e n an d w o m en w ho have w o rk ed at th e S tran g ew ay s fo r long o r sh o rt p e rio d s th e re is h a rd ly a n am e now fam o u s in th e in te rn a tio n a l bo n e w o rld as a ch em ist, an o rth o p a e d ic su rg e o n , a rh e u m a to lo g ist, a rad io b io lo g ist, a h isto lo g ist o r b o n e b io lo g ist th a t is m issin g . T h e y cam e fro m every c o u n try in th e w o rld . T h irty -tw o c o u n trie s are m e n tio n e d in The H istory p u b lish e d in 1962. T h e y cam e to learn th e a rt an d te c h n iq u e o f o rg an c u ltu re . F o r som e H o n o r Fell o b ta in e d g ra n ts, som e b ro u g h t th e ir ow n finance, som e stayed on to b u ild u p special d e p a rtm e n ts, som e becam e in te g ra te d in to existing d e p a rtm e n ts (142) .
In th e late 1930s H o n o r F ell h a d b een p a rtic u la rly co n cern ed as a m e m b e r o f th e S ociety for th e P ro te c tio n o f Science an d L e a rn in g w ith refugees fro m H itle r's E u ro p e. S he w o u ld m eet th e m at E u ro p ea n co n feren ces, a rran g e for th e m to com e to E n g lan d an d m eet th e m at C am b rid g e railw ay statio n an d offer th e m e m p lo y m e n t at th e lab o rato ry . M an y o f th e m w orked for sh o rt p erio d s and th e n m o v ed elsew here, o th e rs like D r A. G lu c k sm a n stayed on and develo p ed im p o rta n t d e p a rtm e n ts o f th e ir ow n, m aking significant c o n trib u tio n s to th e w ork an d re p u ta tio n o f th e S trangew ays, b o th as scien tists an d a d m in istra to rs.
T o d a y it is o ften fo rg o tten th a t th e earliest an d p io n eerin g w ork on rad io b io logy o rig in ate d in th e S trangew ays. In a p a p er p u b lish e d after his d eath , H o n o r & S trangew ays d escrib ed th e in d ire c t action o f X -ra y s u p o n th e tissu es o f th e e m b ry o n ic fowl (9). She dates th e radiobiological w ork of th e la b o ra to ry back to 1921 w hen S trangew ay s, in co llab o ratio n w ith D r O akley, a radiologist fro m D u rb a n , u sed tissu e c u ltu re for a q u a n tita tiv e in v estig ation of th e biological effects of irrad ia tio n . By th e en d o f 1922 a co llab o ratio n h ad been a rra n g ed for an in v estig atio n at a clinical level. It soon becam e clear th a t m u c h m o re fu n d a m e n tal ex p erim en tal w ork w as n eed ed an d F . G . S pear, a m e m b e r of th e M edical R esearch C ouncil E x tern al Staff, becam e associated w ith Strangew ays him self. S p ear and his colleagues, especially D ouglas L ea, w ere co n cern ed w ith th e biological effects o f rad iatio n on living cells, at th a t tim e an alm ost u n k n o w n subject. T h e re are tw o books, w hich w ere classics in th e ir day, th a t will alw ays be recognized as th e outcom e o f w ork in th e Strangew ays R esearch L a b o ra to ry : Actions of radiation on living cells by D . E. L ea (1946) , and Radiation and living cells by F. G . S p ear (1953) . It has been said 'B ritish R adiobiology stem s from th e S trangew ays an d th e re m u st be h u n d re d s of people w ho owe th e ir edu catio n on cells and rad iatio n to th e S tra n g e w ays S ch o o l' (142). I m yself am one of those, th ro w n in to th e new field of ra d ia tio n p ath o lo g y in th e late 1940s, w ho kn o w th e h e lp a n d e n c o u ra g e m e n t gained fro m a v isit to S p e a r an d his colleagues, en co u rag e d b y H o n o r h e rse lf to 'com e a g a in ' .
In 1970 D u rin g h e r w o rk in g life H o n o r re fu sed to p u t h e r n am e as a jo in t a u th o r to any p a p er com ing fro m th e la b o ra to ry to w h ich she h a d n o t h e rse lf m ad e w h at she called a working c o n trib u tio n , b u t it is a b u n d a n tly clear read in g m any o f th e p a p ers on w h ich h e r n am e does n o t a p p e a r h o w m u c h she h ad c o n trib u te d by h e r c o n sta n t in te re st a n d d iscu ssio n . S he m ad e available th e facilities o f th e la b o ra to ry an d its te c h n iq u e s to o th e r scien tists an d so e x erted h e r influence in fields o f d isco v ery far fro m h e r ow n im m ed iate in te re st. U n til h e r re tire m e n t as D ire c to r in 1970 she read every p a p e r th a t was p u b lish e d fro m th e lab o rato ry . S he h ad no p erso n al secretary b u t was faith fu lly served in h e r tech n ical an d a d m in istra tiv e w ork for m o re th a n 50 years by V icto r N orfield , o rig in ally tra in e d in tissu e c u ltu re by S trangew ays him self.
T h e S trangew ays L a b o ra to ry th a t H o n o r an d S p ear c reated carries on to d ay as an in d e p e n d e n t o rg an izatio n u n d e r th e g u id an ce o f its D ire c to r Jo h n D in g le and a G o v e rn in g B oard o f d istin g u ish e d scien tists. R e m i n i s c e n c e s M rs H e n ry F ell w rites:
She was the easiest possible person to have around, the perfect guest. She went on sleeping until I was ready to take up her breakfast, amused herself yet was readily available to help in time consuming jobs like shelling beans, peeling apples or drying up. 'You know, dear, * she said one day ' I so rarely come into contact with small boys and dogs or have time to walk and enjoy the smells and the views \ We would find her the most outrageous and risque novels to read. ' I never have time for such insights at hom e' she would say as she avidly devoured them.
One day we came across a circle of toadstools and found we both shared the excitement left over from our days as little girls as we stepped inside the fairy circle and wished with our eyes closed. I remember well her evident glee that she, an old lady in her eighties had been awarded yet another 2 year grant. We gave a party for her 80th birthday and she danced away with the best of us until after midnight.
F ro m P ro fe sso r P. J. G a illa rd , L a b o ra to ry o f C ell B iology an d H is to lo g y , U n iv e rs ity o f L e id e n , L e id e n , T h e N e th e rla n d s . At the same time we focused on the composition of the culture medium in order to enable the cells and tissues to adequately express their morpho genetic and functional potencies. In this connection we had performed a series of experiments with added endocrine products or vitamins related to the process of desmal bone formation. For the purpose we used periosteum cultures of chicken frontal bone rudiments as described by Doljansky. As a newcomer in the bone field I was very anxious to use Dr Fell's new watchglass method and so it was arranged that I could pay a first short visit to the Strangeways in the summer of 1931.
I still cherish the memory of this visit to the ' old villa ' at the top of Hills Road in Cambridge. On arrival I rang the bell. The door was opened by an elderly man who guided me into the library at the opposite side of the hall. For some reason I had to wait a relatively long time in the 'silent and empty room' and I felt immensely relieved when a young charming lady entered the room and asked me straight away whether I had already seen the garden. The answer was ' no madam ' and immediately she opened one of the garden doors and showed me a series of marvellous fruit trees. In the mean time however she asked me in quite some detail about my scientific interests and in such a way that I gradually began to realize that the 'mystery lady' was certainly not a secretary or a librarian but the young director herself. Many years later she told me how much she had enjoyed my obvious embarrassment! In any case this event turned out to be the beginning of a long lasting personal friendship and of many successful and stimulating scientific discussions in Cambridge and during the yearly meetings of our 'scientific child' the European Tissue Culture Club (now the European Tissue Culture Society).
RBM
In this connection I would like to stress that the essence of Dame Honor's approach in studying the behaviour of isolated organized tissues is still valid and practised throughout the world.
L aw rence G . R aisz, H e ad of th e D iv isio n o f E n d o crin o lo g y an d M etab o lism , School o f M ed icin e, F a rm in g to n , C o n n ecticu t. H e is reco g n ized in tern a tio n a lly for th e im p o rta n t w ork th a t com es fro m his lab o rato ry based on th e d ev elo p m en t an d use of org an c u ltu re tech n iq u es.
Your letter about Dame Honor Fell brought back a flood of wonderful memories. As you know, I learned how to do tissue culture under her tutelage at Strangeways in 1960-61. There are many things about her that are remarkable. Certainly, her continued personal commitment to laboratory work was one of these. When I wanted to talk to her, I could always come into Strangeways on Sunday morning and she would be cutting sections on the old Cambridge Rocking Microtome. As an American I could not get over the fact that it cost so little and made such wonderful sections.
Dame Honor urged me to try different systems and tissues. In fact, during the year I spent at Strangeways, I tried so many different species, tissue and culture conditions that even today I can come back to those notebooks of 25 years ago for better approaches. Dame Honor also liked to show off her skill at microdissection. One day after I had gone through many different animal models trying to find the right one to study parathyroid action on bone, I came to her with some tiny mouse fetuses at about 16 days gestation and said that these look like the right bones from the histologic point of view, but that I just could not handle the dissection. She proceeded to dissect the radius, ulna, humerus and for an encore took out the clavicles and scapulae and lined them up beautifully for my edification and astonishment. She was careful to point out to me that I must distinguish between the bones themselves and the extraneous 'mucky bits'.
Occasionally, we would complain about the fact that we had to do all of our own work including making Pasteur pipettes and then cleaning them with a goose feather or making dissecting needles by inserting sewing needles that we had stolen into glass rods. We washed dishes, chopped embryos for embryo extract, cut sections and stained them, often grumbling but in the end with some pleasure. Dame Honor would always remind us that we needed to know these things in order to teach them to 'our people back home', although the first thing I did when I did get 'back hom e' was to use as much disposable plastic as possible.
The year I spent at Strangeways was a banner one for American visitors. We had Hector DeLuca, Gerry Weissman, and Jay Lash as well as several other visitors from the States. Dame Honor enjoyed the Americans and took part in our July 4th baseball game and hotdog picnic with great delight. On the other hand, I suspect she thought us a little bit frivolous. One day, I told her about the trouble I was having finishing the six or seven different series of experiments that I had started and that I was about to go off to Spain for a holiday with my wife and four children and two au pair girls. She agreed that we certainly needed to see some of Europe, but she reminded me that 'he travels fastest who travels alone'.
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T h e frontispiece p h o to g ra p h s w ere taken in th e 1930s and late 1960s respectively, th e la tter by D u m b le to n of C am b rid g e. Sci. 66, A histological study of the testis in cases of pseudo-intersexuality and cryptorchism with special reference to the interstitial cells. Q. J l exp. Physiol. 13, 
